followed by 10 c.c. hourly for six hours and then three-hourly for some days (Faloon et al., 1950) .
If possible, adrenal replacement therapy should be controlled by the eosinophil count which should be kept below 15 per c.mm. The rare encephalitic cases with deep coma and signs of intracranial pressure should have frequent injections of 50% glucose i.v. On rare occasions I have seen this restore consciousness temporarily, and after repeated injections completely; but it often fails.
Pneumococcal Meningitis
My personal experience of this disease is not large and has been mostly confined to relatively favourable age groups. In these I have had remarkable success with the standard method of treatment -systemic penicillin 200,000 to 500,000 units four-hourly and intrathecal penicillin 20,000 units daily for four or five days, with sulphadiazine orally added as an adjuvant. Recoveries have been just a little slower than in meningococcal meningitis. But Lepper and Dowling (1951) state that approximately one-third of the cases in large unselected series in U.S.A. still die. The fatal cases mainly comprise those comatose or moribund on admission, those who die within forty-eight hours of the start of the treatment and very old persons suffering from intercurrent disease. It seems unlikely that much improvement can be effected in such groups. Yet it is claimed by Dowling et al. (1949) , Lepper and Dowling (1951) and Bunn and Peabody (1952) that massive systemic penicillin (1 million units two-hourly) without intrathecal treatment gives improved results when compared with controls under "standard" treatment. It is certainly an advantage to eliminate intrathecal treatment but disadvantages are the expense and the disturbance of the patient by two-hourly injections. The massive penicillin regime might be recommended for unfavourable cases but seems hardly necessary for the younger and more favourable cases. A later improvement in the method is to give one intrathecal injection at the outset since a bactericidal concentration in the spinal fluid may not be reached for eight hours.
The combination of penicillin and Aureomycin has given definitely worse results than penicillin alone (Lepper and Dowling, 1951 
Haemophilus Influenzi Meningitis
This infection seems to be invariably due to Pittman type b H. influenzae, and formerly was 100% fatal, at least in children under 2 years of age. The organism is relatively insensitive to penicillin in vitro. A great advance came with the use of streptomycin but a substantial proportion of failures 150 occurred owing to streptomycin resistance developing, ofteni within twenty-four hours. Nevertheless with the combination of streptomycin, intramuscularly and intrathecally, with sulphadiazine, Appelbaum and Nelson (1950) could report the low mortality of 3.4% in 90 cases, although 9 of the cases had severe residual neurological damage. In spite of the insensitivity of the organism to penicillin in vitro, the triple combination of penicillin i.m., streptomycin i.m. and i.t. and sulphadiazine yields excellent results. Nevertheless, the treatment of choice to-day is by chloramphenicol alone, because it is simpler, avoids intrathecal injections, and gives wellnigh perfect results in the minimum of time. This method provides an almost exact analogy with that of sulphonamides alone in meningococcal meningitis. The spinal fluid becomes sterile in at least two-thirds of the cases within twenty-four to forty-eight hours and in 100% within seventy-two hours (Prather and Smith, 1950; McCrumb et al., 1951; and Schoenbach et al., 1952) . Clinical recovery is correspondingly rapid; there are virtually no relapses and residual neurological damage is rare. Complications have included a few cases of transient subdural effusion, which may absorb without treatment or may require tapping. My last 3 cases, all in children under 2 years, have been treated with chloramphenicol alone and have responded in this rapid way. After forty-eight hours, organisms could not be cultured from the spinal fluid, although in one case they were still seen in films; the cell count also dropped rapidly. The dosage in these children was 1 capsule (250 mg.) four-hourly for the first twenty-four hours, then six-hourly for seven to nine days. Bactericidal concentrations over 4 pg./ml. were maintained in the spinal fluid.
In this disease and in typhoid fever, chloramphenicol has had perhaps its greatest triumph. There is no sign yet of H. influenza, type b developing insensitivity, but if it does, I would add sulphadiazine at once as an adjuvant, and, if necessary, streptomycin i.m. and i.t.
Salmonella Meningitis (S. typhimurium, &c.) This also seems to respond promptly to chloramphenicol (Beene et al., 1951) .
Other Bacterial Meningitides
These are rare, and I have little experience of them. They are due to organisms of low pathogenicity some of which may be introduced at lumbar puncture. They include infections with E. coli, proteus, enterococcus (Strep. faecalis), and Ps. wruginosa (B. pyocyaneus). They are all relatively resistant to treatment. Sensitivity tests are absolutely essential in order to determine the most suitable combination of drugs to use for the particular strain isolated. The absolute maximum dosage is required and even then it may be necessary to inject specially high concentrations into the cerebrospinal fluid. Thus chloramphenicol has been injected intrathecally and intracistemally without harm as a suspension of 62-5 mg. of the drug in 5 c.c. saline, and Aureomycin has also been injected in a special solvent, such as the alkaline glycine neutral solution prepared and used by Ainley-Walker and Bosanquet (1952) .
In general, for such infections it seems well to start with streptomycin i.m. and i.t. combined with sulphadiazine, and change after twenty-four hours, or because of developing resistance, to chloramphenicol and sulphadiazine, or even to use all three drugs from the outset. B. pyocyaneus infections may require the rather toxic drug Polymyxin B. in doses of 5 mg./kg. daily i.m. in 4 divided doses and also one or two i.t. doses of 4 mg. (Alexander, 1952 Gsell (1944) to be the causal agent of "Swineherd's disease", an acute febrile illness which almost invariably presents signs of meningitis.
In Switzerland, where it has been intensively studied, swineherd's disease shows certain interesting epidemiological features, for it occurs almost exclusively during the summer months, among young men who tend pigs. Gsell and his colleagues found that youths were employed to clean out the pigsties and that, in hot weather, they customarily worked bare-footed. The organism is excreted in the pigs' urine, and the contaminated bedding acted both as a nidus of infection, and as a cause of skin abrasions to provide portals of entry. In winter-time, when boots were worn, the incidence was practically nil.
In typical cases of leptospiral meningitis the onset is sudden, and the temperature rises rapidly to 1030 F. or higher. The patient complains of nausea, intense headache, and photophobia; prostration is marked, often to a greater degree than seems warranted by the general condition. Signs of involvement of the central nervous system may appear in the early stages, and include mental confusion, disorientati9n, vertigo, stiffness of the neck and a positive Kernig's sign, weakness, or even paresis of muscles. In other cases the initial fever is not accompanied by localizing symptoms, and it abates after a day or two but, following an apyrexial period, the temperature rises again and acute meningitis develops. (Lurie, 1949; Brainerd et al., 1949; Batchelor and Todd, 1950 The importance of prompt and adequate treatment of open head wounds must first be mentioned. Scalp lacerations must be cleaned and sutured, preferably in two layers as emphasized by Cushing. In compound fractures of the skull, a thorough removal of all foreign matter, detached fragments of bone, and grossly damaged tissue must be made.
Fracture of the b4se of the skull involving the paranasal sinuses, with tearing of the overlying dura mater is a well-established cause of meningitis, usually pneumococcal. The infection may develop rapidly, or even after years, often preceded then by an upper respiratory infection. The diagnosis of such a dural tear is easy in cases with persistent cerebrospinal rhinorrhoea or with an intracranial aerocele; but in other patients not showing these complications, even with expert radiological help, the diagnosis may be difficult or impossible. The surgical treatment consists in exposing the tear and closing it, usually by means of a fascial graft. With the better control of suppuraSive meningitis by antibiotics, this operation is no longer the emergency procedure of some years ago. The patient can be maintained on prophylactic penicillin and chemotherapy, until he recovers from the causative injury, and the repair then performed as an elective procedure. In a rare case, however, the profuse escape of C.S.F. from the nose may make it impossible to maintain an adequate level of penicillin in the C.S.F. by the usual intrathecal dosage. If meningitis is already present in such a case it may be necessary to give penicillin by lumbar puncture two or three times daily, and to operate to close the leak immediately the acute stage of the infection has been overcome.
Fracture of the middle cranial fossa may establish a connexion between the middle ear and the subarachnoid space, thus giving rise to meningitis with or without escape of C.S.F. from the ear. In closed middle fossa fractures the communication between ear and brain practically always closes spontaneously, but after gunshot wounds dural repair may be necessary.
In the prevention of meningitis the earlier and more effective treatment of suppurative conditions of the ear and paranasal sinuses which is now practised has greatly reduced the frequency of meningitis as a complication of such conditions. The diagnosis-of an obstruction is suggested by clinical deterioration and positive evidence of intracranial hypertension. Frontal burr holes should be made, so that ventricular pressure and fluid contents can be estimated. In infants the lateral angles of the fontanelle permit direct needling.
If the obstruction is in the cisterna ambiens, a very common site, a "communicating" or "external" hydrocephalus is created and the pressure will be high both in the ventricle and the lumbar sac, for the obstruction is distal to both. In such cases it is evident that lumbar puncture is a very adequate way of draining excess C.S.F. and controlling the intracranial pressure.
If the obstruction is at the foramina of exit from the fourth ventricle or within the ventricular system, an "obstructive" or "internal" hydrocephalus is created, with high pressure and abundant fluid in the ventricles, low pressure and scanty fluid in the lumbar sac. Confirmation of the obstruction in such cases may be obtained by observation of the rate of spread of either an innoouous dye or an appropriate antibiotic from the ventricle to the lumbar subarachnoid space.
Relief of intracranial pressure in these cases calls for ventricular tapping or drainage. In adults either method is applicable, but, in infants, drainage for any length of time is extremely likely to be followed by a C.S.F. fistula. Lumbar puncture is contra-indicated as likely to cause a herniation. Should the obstruction persist for more than a few days ventriculography or encephalography is called for to portit more accurate localization of the site of the obstruction and, in rare instances, operation may be necessary as soon as control of the infection is apparent.
Operations for relief of "internal" or "obstructive" hydrocephalus consist of either, (1) direct exposure and excision of the obstruction lesion, for example adhesions closing the foramen of Magendie or, (2) providing an alternative pathway for the C.S.F. This is exemplified by Torkildsen's operation, in which a catheter or polythene tube is passed into the posterior horn of the lateral ventricle and its other end is led into the cisterna magna. The tube is left in situ. The results are usually excellent.
Operations for relief of communicating hydrocephalus are considerably more limited. Obstruction at the cisterna ambiens cannot be removed surgically. Many highly ingenious operations have been devised.to provide alternative pathways for the C.S.F., either by-passing the tentorial opening or permitting the C.S.F. to drain into another body cavity; none has proved consistently successful. As an example of the first method I might mention third ventriculostomy in which an opening is created in the anterior wall or floor of the third ventricle so that the C.S.F. can pass from the ventricular system straight over the convexities of the cerebral hemispheres. For a variety of reasons the relief afforded is usually temporary only. Examples of the second method are many, e.g. drainage by tube from the cerebral subarachnoid space into the lateral sinus or middle ear or from the lumbar sac into the ureter. At the best these operations should be regarded as temporary measures, pending reestablishment-of natural pathways.
In conclusion, I will emphasize that these various operative procedures are required but rarely in cases of meningitis and even more rarely in the acute stages of the disease. Surgery remains subordinate to the main lines of treatment by antibiotics and chemotherapy. The importance of ascertaining the bacteriology of the infection at the earliest moment and its reaction to antibiotics cannot be overstressed.
